ABSTRACT. Analysis of the amino acid sequence in protein (deviation analysis) suggests that the binding between trypsin and the enveloped virus is the first step of their interaction, which occurs in a specified configuration. It is possible that the distance between their active sites is important for the viral sensitivity to trypsin, which is related to the virulency of the enveloped virus.
In a previous report (1), the amino acid sequence distribution in protein was analysed. It was found that the frequency of occurrence of each amino acid in a defined sequence with functional significance more or less deviates from uniform distribution. The deviation found in this defined sequence seems to parallel the function of this sequence. On the basis of this finding, peptide-peptide interaction was analysed. Suppose that the receptor protein ABC binds with ligand peptide E at site B, forming complex ABEC. As no more E can bind with B in ABEC, the binding function of B is lost and the deviation of the B site at ABC will decrease at ABEC. This expectation was realized in the interaction of trypsin with its inhibitor (1).
In this study, the deviation of the viral glycoprotein region containing the cleavage recognition site was examined and the effect of the incorporation of the active site of trypsin was observed. When the deviation of the viral site decreased, we assigned it as the binding site for trypsin.
MATERIALS AND METHODS
Deviation was formulated (1) as:
Abbreviations used: SV5, simian virus 5; ReSV, respiratory synchitial virus; VISV, Visna virus; NDV (vir), Newcastle disease virus, virulent strain; NDV (avir), Newcastle disease virus, avirulent strain; RSV, Rous sarcoma virus; MMTV, mouse mammary tumor virus; HIV, human immunodeficiency virus type 1; FPV, fowl plague virus; HTLV-1, human T lymphotropic virus; WSN, influenza virus A/WSN/33; PR8, influenza virus PR8; HVJ (Z), Sendai virus, Z strain; HVJ (TR2), Sendai virus, TR2 strain. The amino acid abbreviations follow standard conventions.
where z= amino acid, A, R, N, D, C, Q, E, G, H, L, I, K, M, F, P, S, T, W, Y, V, x= size of the restricted sequence for calculation, F(z) = frequency of the amino acid z in envelope protein, N(z) = number of amino acid z in the restricted sequence.
In this report, a seven-consecutive-amino-acid sequence (restricted sequence, x = 7) in the viral region around the viral recognition cleavage site was examined. Then a three-amino = acid consecutive sequence around the active site of trypsin was added and the entire sequence was examined again (x=10). In each case, specific deviation (sp-dev) was calculated using the program "SP-DEV" (Appendix).
When sp-dev at x=10 was less than that at x =7, the following DD (deviation decrease) was calculated:
The interaction energy between trypsin and virus was calculated as reported in the previous paper, I, of this series (2), in which viral virulency was analysed in terms of the interaction energy. Experimental findings on the viral virulency were also reviewed in ref. 2.
RESULTS

AND DISCUSSION
The deviation profile of trypsin is shown in Fig. 1 . The deviation pattern around the region containing the active site (171-D) is fairly simple but is overlapped with neighbours. Details around this region are shown in Fig. 2 . As it is possible that the neighbours are functionally related to the active site region, calculation was carried out over a fairly wide range (CALC region), 164-GYLEGGKDSCQGD. Deviation profiles around the recognition cleavage site of the envelope protein of the NDV virulent strain and avirulent strain are shown in Fig. 3 . Sp-dev of the restricted sequence (x = 7) was calculated consecutively, as is shown in the first column of Table 1 . To each sequence, three amino acids from the trypsin CALC region (top row in Table 1 ) were added consecutively and again sp-dev was calculated. When the sp-dev of the restricted region was decreased by the addition of three amino acids of trypsin, DD was calculated as shown in Table 1 . These DD values are plotted along the sequence of the CALC region and are shown in Fig.  4 (a). GYL and LEG had a similar pattern and a peak at 90-R, indicating that these peptides are near 90-R. Sp-dev and DD values are assigned to the central amino acid in the restricted region and/or in the three amino acids added . Following the hypothesis (1), "deviation (sp-dev) parallels the function," we estimated the binding activity by DD value. YLE showed fairly large DD over the entire CALC region, in which 84-S is nearest. These data suggest that Y and E are close to 90-R and L is positioned close to 84-S, but also not far from other points in the entire region. Similar examination with GKD, KDS and DSC suggests that 171-D is close to 88-R. From these data, we can construct the structure model shown in Fig. 4(b) . The active site 171-D of trypsin is positioned near four amino acids upstream of the cleavage site (between 91-R and 92-F). Similar analysis was done with the avirulent strain of NDV (Fig. 5) . Generally, DD values are smaller than that of the virulent strain, except in the case of YLE. Furthermore, 171-D is nearest to 84-S and is far from the cleavage site. Thus, in the case of the avirulent strain, 171-D binds weakly to a position distant from the cleavage site, which may explain the weak virulency of this virus.
Deviation analysis was done with two strains of HVJ. They are 1) the Z strain, which is sensitive to trypsin, and 2) the TR-2 strain, which is resistant to trypsin. Figure 6 shows the DD analysis of both strains interacted with the trypsin portion. On GYLE binding, similar patterns were observed with both strains, and they are also similar to NDV. With KDS, as with the avirulent strain of NDV, binding oc- curs at eight amino acids upstream of the cleavage site, NDV, suggesting weak virulency. In the case of the TR-2 strain, binding of KDS to the virus was negligibly small. From Fig. 6(a) , KDS was positioned close to 109-N of the Z strain and their interaction energy was calculated (Fig. 7) . The same calculation was done with KDS positioned near 109-N of the TR-2 strain. Nearly the same values of V(v) and V(s) were obtained with both strains. With V(E), however, strong repulsion was observed with the TR-2 strain. Thus, in the case of HVJ, it is suggested that the Z strain was weak virulency and the TR-2 strain does not bind with active site 171-D of trypsin, which may explain the trypsin-resistant nature of this strain. Analysis of the trypsin-virus interaction was extended to other enveloped viruses. The results are shown in Table 2 . Binding of trypsin-YLE and -KDS to the virus was examined. It was found that 1) in the case of a virulent virus, trypsin-KDS binds near the cleavage site and trypsin-YLE bindings upstream as in the case of the virulent strain of NDV, and 2) in the case of a less virulent virus, trypsin-KDS binding took place to a lesser extent (low DD) and far from the cleavage site of the virus. In some cases, for example, PR8, WSN or HTLV-1, trypsin-YLE binds downstream of the binding site of trypsin-KDS. Although the meaning of the binding of trypsin-YLE to the virus is not clear at present, it is possible that a somewhat different interaction occurs in these cases, which might also explain the lesser sensitivity to trypsin.
The binding site deduced from the deviation analysis so far are more or less distant from the cleavage sites. We infer that this binding takes place as the first step of virus-trypsin interaction, followed by the interaction of active sites and the cleavage Fig. 7 . Acrophilicity profiles of the region around 108-Q of HVJ are shown. Circle represents amino acid, its radius is equal to van der Waals radius, and the center corresponds to its acrophilicity value. Acrophilicity profile of the active site of trypsin (KDS) is positioned as close as possible to those of HVJ. Distances between the amino acids in the respective profile were determined on pairs less than 50 A apart. Interaction energy was then calculated.
reaction. By the above analysis, we could not show the latter step, probably because of the unstable nature of the binding, which was already discussed in the previous report (1). Summing up the results obtained, we can say that the trypsin sensitivity of the enveloped virus seems to depend on 1) the distance between the active site (171-D) of trypsin and the cleavage site of the virus; 2) the mutual configuration in the first step of their interaction, the binding which is derived from the deviation analysis; and 3) the amount of DD. In addition to the binding of 171-D, trypsin-YLE, several amino acids upstream from 171-D, also bindings near the cleavage site of the virus.
Some comments on the nature of the above methods should be made. Deviation was defined as the composition of amino acid within the restricted portion of the sequence relative to the mean (1). Further details on the deviation are cannot be determined, although it may include hydrophilicity, hydrophobicity, acrophilicity and so on. Thus, the deviation analysis gives only the functional site along the sequence. Our hypothesis is that the deviation parallels the function. Since the deviation is defined on the basis of the compositional difference from the mean, still other sequences besides the natural one may be more or less functional. Actually, even the so-called consensus sequence has some variety. Such examples may be found in the future by improving the assay method for function and by introducing mutation. 
